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^ (57) Abstract: A titanium oxide photocatalyst containing a metal halide, obtained by effecting heat treatment of titanium oxide 
and/or a precursor thereof while bringing the same into contact with a reactive gas containing a metal halide of the formula: MXn 
^ or MOXn (wherein M=metal, X=halogen, and n= integer) , optionally after heat treatment, stably exerts high photocatalytic activity 
^ when exposed to visible radiation. This photocatalyst may be stabilized by bringing the same into further contact with water, or 
fS conducting heat treatment, and/or may be brought into contact with a heteropolyacid and/or an isopolyacid so that a metal complex 
2 is contained in the titanium oxide to thereby attain further activity enhancement. The thus obtained photocatalyst exhibits novel ESR 
35 characteristics. Moreover, there are provided a process for producing the photocatalyst; a photocatalyst dispersion or coating liquid 
containing the photocatalyst; a photocatalyst function member using the photocatalyst; and a process for producing the same. 
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& £i> & < -r s ci # m * b v > o 

□ -r^TOiiU ^MStiSCMtt, MtfciS^tM^ 
©CVD. PVD^©^^)3i^^^ , Jffib■r^)«fcV^o 
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2 3 



foisxo&Mte, mw*Mxz>z.hifi-z stilts ±mhtz^o^mmTX'mmr 

&±(DnSMft*<£ts<b<DX&M£&<^ mnt, *m%. m^iJCTs 7\n^y^> 
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2 4 

s 7D>*(0*«;Nny>ft^i;l)im s » 

;\py >4b&©^^fitt^i*ft*&JR^bT©^r*(»ass%) ^ 

x »»«fc*ajt) 0.5 g («S33 mm)£A*K T;i/P*>E&bfc^ 

573 K^WbL S^kUt> HtfMb^XTiCh) *1.4 vo 

lX*#«**#;**5£«fcttbTs 573 Kt 

20^F^©^M5a ! S ; & : ff ofeo ©SftStei:2.0 L/#-£feofco ^©^ 55* 

A^ttfcTi^«©fi*. ^MMS^©fi*ii^^^*©^P^>*cfcD^mb 
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2 5 

E S RMfe 

T200 W 7\py>7>rftffl^Tira**10^±»8»Ufc«N 

ESR««WTIB IE 10M/mT 

[IU-ESR«-^lC*#t-^^^> #K» + C1E 10 fl] 

: 330 ±25 mT 

mmmmm : o.i «t 

tt«ftM«Eft : 100 kHz 
*£SEI£lfS : 2 # 

^smm : 10 

: 500f£ 
@3MF^ : 0.1# 
v>f ^PSftffl* : 0.1 mWo 

Mn 2+ /Mg0x>-*- mWttm) ©3#g (g=2.0303) h4*S (g=1.981) 
§Sf tits «CJ:^l4©ESRif(Dgfi§#{Hbfeo 
g =2. 0303-(2. 0303-1. 981) XL3/(L3+L4) 
L3 (3*B) i:lfi*KZ>E SRte^O&lBOii 

L4 . # — (4#g) i:iS*4cDE SRif©li©i 

5 K-£$J£bfcE SRX^^ h;i/^H3 fc^to & «fc -5 5K 

Ofi^t^i^Cii^tlSgl 1.950-2.030 ©H©E-*#s **T 

g*|R#Pfefc»JR-CS** '^l/f h^^;V©g<g 2.002-2.010, 2.020-2.02 
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8, 1.982-1-988 fcttHftofcsH 1.986-1.994 Kgrfcfctf-* tftBmbTV* 
(±IBt&3©8ff&) o 

^#4(0.3 g) £40 mm ^©JDl^Sts HOJBlSeHSttORJfe*^^^^ ^ 
»3**-f>fc*l*L («U*lfttMS3.0 LK ^%20 vol* 

fe 0 £<D#*s«j*3*fc#&* 250 w W£E*«*r*&x «^i*yh7^H 

- (m^M L42) -^aibT^^^©^^*^^ ^©^t:l± N 7-r;V* 
-CDfSttJts &S390 nmW±#>£>400 mi^-CO^^^M^t:^*^*^ 15 

4$i6fci:> Mb fee ^ems^ic^^-c^-ro 

2 



iM*bT»fc*-*>*W»bfc« flPfcs TiCU (Ti#*«16.5X) 200 

cc^^bs H^bfttf&T^^T*** (28%) * P H#7^*';ltCft* 

353 Kt?HSI£*bTx »^^>»**^BRbfco 

*>m*z. mmmitmm(DJ5&Ki&*). &m*£.ncu &i.4 voix^r-r* 

(b) ±|3(a) T?»fcSMb^*>*#»«*fcx *6fcT/W=T>»H«Tfc'r573 
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ESR^^f^UW^ ±fB(a) fc<b) ©l%r*b©£ffc**K 1 © 

£M2:n*fi^ ±BIl*J:trtl3©«*^b&. (b) ©ife!**^ 



# -5- 


(mass%) 1 


(/zmol/h) 




1.? - 


ii. a 


Jt^J 1 


0 


< 0.1 




f 


39.0 


mum 2(b) 




0.7 . 



1 Jg<b^*>£bT^f£*i&TiS 



fHife0iJ2©(a) fc(b) *lttt-r«fcx ftI^oy>ft*©^*i^''^*« 

^Wb^o^att^tts^ato&v^x 2 (a) ©##^l 

H»J2(a) £«fctf(b) T-f§fe^b^^>m^M^toV^Ts TI3©^^# 
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rnmrnx**** (tds) (Dm^n^>tco *«**n*ftBfli*J:i«B2fc 

WA1000S M) Sfflwrfrofco K»tfl4fl)«ti#N 10" 6 Torr 

CI. 3 mass* ©«/\P*>ft**#Xbfc*lM! 2 (a) (EI 1 ) 

£0.156 mass* £ffittS«fc*)K0! 2 (b) CDftftMft (H2) ©VMmTfcs 

>if > *^tsWg<Dfr^ * y & & V*fc**<Z> 7 7 > h * > bTTiCb (M/Z= 

118), TiCl 3 (M/7=154) v TiCl 4 (M/Z=189)s HC1(M/Z=36) fe£iflftffl3ftv 

was*.*. .c*L-&©3te«i«tt^r*i:*N #ffliB*t*^ + /yfc.**v-c 

TiCl 4 §1.4vol% ^tfTK^^^tf^i^Ts VOCls, SnCl 4 , SbCl 5 , SiCl 4 , WC1 6 
, BiCla, FeClsSfctt nCU*®lvol%^tS^&T»3>iSZ*BLmiSZ£ls-C 
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^2 



No. 




(/zmol/h) 


1 


V0C1 3 


0.4 1 


2 


S11CI4 


1.1 


3 


SbCl 5 


0.3 


4 


SiCl 4 


0.7 


5 


WCl 6 


2.4 


6 


BiCl 3 


7.7 


7 


FeCl 3 


0.1 


8 


ZrCl 4 


0.1 


9 


TiCl 4 


11.3 



%kftmm&& f»nsi^fi^^^fc« Tier*, Bicr 6 , wci 6 & m 

TiCl 4 ^1.4 volX^-rSzK3R3tf^*e)**SJfe^©g?tt^ (fflSUs <fctf 
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^3 



No. 


(u&xmm) 




1 


323KX20# 


0.1 


2 


373Kx20# 


0.4 


3 


373 KX 120# 


0.5 


4 


423KX20# 


0.6 


5 


473KX20# 


3.5 


6 


523KX20# 


8.8 


7 


573KX20# 


11.3 


8 


623KX20# 


! 4.8 


9 


673Kx20# 


2.5 


10 


773KX 5# 


! 4 - 2 


11 


773KX20# 


0.1 


12 


873Kx20# 


0.1 



t-^b^^v^^M^^fetifc^ ^®^rStt^<^^^m^S(± 373-77 
3 K(D^ffl-€$> tK 473-873 KcDlefflT* =fc t> <fc Hfco 

^Mffll 5 

|&0iJ2©^K fiP-fes Ti^amT*8.25%-trfeofeo 

c©^b^^>»*i.o g ^ mMffli^m\sfr(D£mm<Di5mKi£\)^ * 

tifc#L3$3l.O g £10 g©7K^T-m#bT^jS-r^>> 7jct©^Mx^^3|H]^t) 
MbTs &«L3Sbfco 4M«323 KT24KpHW±«£*bT N 
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R^n;b0i« (iSjg5KJ:293 K) kflT«**«i*«tt©** (T-fehT 

(^)10- 3 Torr) 0 h£fflV^T5~293 K (MM) ©HlffflS 

o g|#il*!f-^3iflECD*t«B*tialE-r*»^H:% W«3fe«ttt*fl | Jtl'fc*N W 



» S S 1 


mnms 


Jt««2 


ESR(293K, 5K):g{i 1.950 
~2.030 CDt — ^©Wftt 




W D 


WD 




ti 


WD 




4.8# 


1.7# 


ESR(5K):gfit 1.986-1.994 ©1^-^WftS 


WD 


38b 


C0 2 £J?£?iJ^ (//mol/h) 


3.5 


2.5 j 
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J# bt ^ & £ £ #*>2p & o 

H4fc^m^ **93©*«MlOESR^^f b^tttx siM 1.950-2. 

5g j| 1.950-2.030 CDKKDtf-^tfx BfllTT-{±it$U£*l#fr ofc (±130 1 

.«c«f..f.T5 Ki?tta»T**4K-^*«»»*nfc (H5) o 

04 0-5*: :#»!!B©#^1?»'s. 1.986-1.99. 

4 (1.99 ::,;#y^^B^n^V^fe^^r-^^m^.bTV^ (±fB 

**JIHfcfc4.8 #T-&ofc (±KJ»2©«f*) o -13, Itttff-CtttftS 

^•^>^*(st-oi) 4HWktsm £ffi0j5fcfB»bfc:£&fc:*£o-tN * 
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3 3 

s C0 2 ©^«jSK7? 0.1/zmol/h *«|-C*Ds *fgBJ3©££ 

TME©«fls*-*2'*&N flra*«ai«tt**b^ mh^se? 

tJ^M^-efr-pfeo ttKNo.14 :fe,ktfl5Ttts «JHt * i: 

H*^^>*(1.4 volX)^tfSa**ffl^-C»»«ia«ffofc. 

> • Hil^QiS 7 — T ( 2 vor^-TJVrJV^H^^T-frofeo t£^No.30 

i>A(lM)-Jfiffi(lM)S$tf*B2K*fflv^fc2K»SS;50»a (*ttttS*oa?)) 
Jt«giJ3 
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^5 



Nn 




c=r r±- j-f -7 -fie &tft ifc //f- 


( K X<ft) 1 


/ // mnl /h ^ 

\ /X 1UVJ X / 11 / 


l 


(&b) 


1 323KX20# 




1.2 


2 


(&b) 


373 K X20# 


// 


1.7 


3 


(&b) 


423 K X20# 


// 


1.8 


4 


(fcb) 


423 K X120# 


// 


2.8 


5 


(£b) 


473 K x20# 


// 


1.8 


6 


(fcb) 


523 K X20# 


// 


2.2 


7 


(fcb) 


573 K X20# 


// 


3.5 


8 


(fcb) 


598 K x20# 


// 


3.9 


9 


(fcb) 


623 K X20# 


// 


3.1 


10 


(ftb) 


673 K X20# 


// 


2.4 


11 


(fcb) 


673K 


// 


3.0 


12 


(ftb) 


723 K X20# 


// 


0.8 


13 


(&b) 


773 K X20# 


// 


0.3 


14 


(fcb) 


373 K x20# 


573X60 


3 


15 


(fcb) 


573 K X20# 


573X60 


3.2 


16 


(ftb) 


573KX20^(N 2 ) 


(*g?««ia) 


2.6 


17 


373Kx60# 


573 K X20# 


// 




18 


473KX60# 


573Kx20# 


// [* 


19 


573KX60# 


573 K X20# 




20 


623Kx60# 


573 K x20# 


* . " * •' 


1 21 


673KX60# 


573 K X20# 


// 


<j . 3 


22 


773KX60# 


573 K X20# 


// 


2.2 


23 


473KX60# 


573KX10^ 


// 


3.5 


24 


473Kx60# 


573KX20# 


// 


3.8 


1 25 


473KX60# 


573KX30# 


// 


3.5 


26 


473Kx60# 


573 K X40# 


// 


3.9 


27 


473Kx60# 


573KX60# 


// 


1.8 


28 


473KX60# 


573 K x 120# 


// 


1.2 


29 


473Kx60#/NH 3 -Ar I 573 K x20# 


// 


4.1 


30 


473KX360#/NH 4 C1-HC1 I 573Kx20#| // 


4.3 


31 1 


(&b) I 573Kx60#/*fU&JE& 


(&b) 


1 


32 2 


(&b) 573KX20# 




39.0 



^^0.31 fcfctt«03o H-S#*:fc»TT«M^3!©#*gUte 
2 l£l£No.32 &^WJ2(a) £|sjb 



tut o & &E.j&xxh<DmMum± 373-673 k 

©fgfflT-fc tK #T'fc 523-673 K©fSHT<fc b tifeo 
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Bijfoxxh<Dmm(Dmtfto^& mmm) iz-o^-az 373-573 k©isb 

j*bfcK*No.31(tttt0l3) <D*ttKtt. IOWo.32(Mi«2(a))©**JifcJfc 
Wt«5 ^<B«fcs JHttO^tfSW^ .^---^^TiCl 4 

C©»flS^-^ H 3 PW 12 0 40 £fc&H 3 SiW 12 0 4 o£^*£&frbfc7R}§ 

(»K*J50%) C^S^-Brfc* 4B$IB|gU U HUfcbfcgt^* 

>»*«50-C-e- 773 Kf2^©«ltJ;5@^lT 

&js$g#©^s&. nfl3^^>©«*K:»-r*^*©*T?N h 3 pw, 2 o 4 o ^ 

jttjrcOT massJL H 3 SiWi 2 0 40 ^^M^T*«63 mass^Tfe o feo 

#tbfco 3tett«ft«tt^ C0 2 ^^^t?s H 3 PW 1 2 0 40 Miifii7.7 //mol/hr 
x H 3 SiWi 2 0 4 o^®*rr-fcfc7.0 //mol/hrT-fcofco ^a©»©*^fcJt^"Cx 
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3 6 

mmm9 

(a) ^MJll4^bTTiCl4 ^ffl^fcCVDStJ;^ #5? * ^ n*±£^<fb^ 
coSMb*-* >jddtt&*Mfc^/$bfc#^:**n;*&:2*bTx TiCh 1.4 vol% 

P*£ffiV»££i:&llfc^Tx ^ftEftl £fS*&bfc©h|5J1§fc^;&tebfco £5bT 

£©&Mi««tfef»#©im&x llffim fcIB«bfc©fclTO©:£$irC^ RTm^ 

feo ItktLfcCO* V^0:35/z»ol/h T!feofee . 

(b) mUM i \ ,-:v3Bii8©I*ft^*>^#«&i»* 8 «& N . ft*©3te«& 

1 tfflt : i/if fbf ^ (ST-Ol)lgB. >*•-©*> Ufcrno'^ 

>f K (BM^Mxy-^y ^*0. Si0 2 20 mass%)2gP (Si0 2 i:bT) £s T 

&^fc^Mi©M£s £©3-^ — #-£M>U 423 K-e 

fco £©#®««f6aMtf©K*4£x ±BB(a) i:^tqrm^^TT©T-fe h7 
;brhFO^*KRCttlfc. C0 2 ^^Jgt±0.25^mol/h T'&ofco 

(a) HS£0!l9(a) Tf^»bfcx mib?-* >J&m*m.ft\£Mf&htz%7 X? 
£^©£1; (Kl&#*fc©&M8L3£fTfe-rfc) tt«*Ji:bTffl^ ^Ste0O9 2: 
l^$fcqr^teESttT-C©T-lz b7;i/rt P©d*PttK*lllllbfco C0 2 £j$5iJg 



WO 03/080244 PCT/JP03/03401 

3 7 

&0.0 /zmol/h X*$>-otc 0 

&&<Dttt>*)^ fc&<DWLfc*#y%mfflh$L (ST-01)3£B£&fflbfc 
@fctc#tbfco C0 2 ^3i^?i0.0 /zmol/h T'fc^fco 

^mm i o 

(a) TiCl 4 (16.5 mass%)2k$g?£ l^M^X t: ZU^ttoXX, Mih?- 

D^*Jl^irFT'©T-fe hT^rt K»*tt»Cttbfc 0 C0 2 
141.1 //mol/h T-feofeo 

(b) ^«5 7?i8S!ibfc*IB'W©»<h^^>^Mi«»*3fflJs 3fcfe©#tt& 
-C*aR'fb*-*> (ST-01) 1.5& N <O^U*37P>f 1< (H5£0y9(b) 
tlRlC*©) 1.5 SB (Si0 2 £bT) ^;U33— JVhfr(Dm'&&t&20&fctoZ-s 
^ > h>>i — £ — £fflV>Teb <I^U T^-f >^«*WiSibfco 
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Jg£f£0.45£imol/h *£feofco 
tmM 5 

(a) mmmou) x^m^r^ mfc?-*>j&m*m-rzG&&m*, Tici 4 & 
i«j:i:t:j:»)K»«ft»ffbfc. cot****** n*«i9fcrai»t:qra*fla 

j^TT*©^ h7;i/rk h* frmUWlfc&kVfro C0 2 ^jiJgfcfcO. 19//mol/h 

(b) H2fte0UO(b) CKi&bfcn— -r-f *»HB©*fl3^-^ 

$&&<DWLttx ! 3-*>lb* (ST-01)£3.0 SBteJilbfc 

^^tTT*©T-fe h7;Vrt K^jlPitKfcttbfco C0 2 £fifc&l£fc}: 0.0/zmol/h T* 

bs ^T^7^MifflbT^ ^D-7K-X (0.4 mm^) h— *Sfc:60#ia© 
^TOS^froTs H^filO nass%©ft«&#««&ftMKbfco 

«S^flLA-700-e«i^bfcfcc:5x ^310 nmT'fe^feo ^BSbuO^^©¥ 
±9^Sii^34Am -T^ofco 

0, Si0 2 20 nassJSK 'Jxh^>^>7>4^ £«fclM * ^ -;i/150 SB 

®^fSfci$J42 mass%T*&ofc 0 
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7;i/TtFMitibfeo C0 2 £j$^&0.72/2mol/h T'&ofco ^JS^JIO 
fUjfcff] 1 2 

n«j 5 -zmm u fc©5fc#©iMb^ * > ^^m^o. 05- 1%*>* &mmm b^m 

N ^y^-Mo^'JA^n-f h* (BMs^SU^-^y ^*oxs \ sio 2 io 

mass% N fe^4~6nm) 1 (Si0 2 #£bT) h^td s J — ^ t7k t<Dm 

Ztit><Dzi—y^ j >^?&fc: s 100 mm^ls JP^O.u bfc • 

150 °CTl0^P^^^-y-fco £©?g?ih]j&*S^ ift^fc/fobTliMU 53* 

m±(Dm$ i.o±o.i jum<D^mm^.m^mm^. %mmmm^u^nt^o 
irbfci£^>t^©iiM©>Rji&-fe^^Anfc^^s mmmm^j xD^m^m^ 

1.0 L T-fc^fc^l^Ts ^»Jl^f3«bfc©^(5l^tbTprm^^M^rS 
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&mBfr= 1.0 + 0.1 urn 



m 

No. 




(Hfi%) 


co 2 $.mm 

(/imol/h) 


1 


0.05 


5 


0.12 


2 


0.5 


34 


1.58 


3 


1 


50 


2.42 


4 


100 


100 


3.22 



^M&J&M4>©^b^*>^M££©^*:S#5mass% £L-tT% qmftMIJfc 
<t t)^M^rStt^^t-o ^W*#100 mass% ■C**«f©3fc»«IE«tt2:Jt^fc»'& 
\ ltW*#30 mass%^^M^tStt«^W*100 mass% B#(Z>Mt£©i&50%fc:3ib. 
d***»50 massX^ii.^M^tt^^^filOO niass% H§©tfrt£©$J75% fcJUT. 

■CS^alflr-fetJ&^o i ••,*?* bV.^«^^S^30~?0 massXT*&?U *T 
£50—90 mass%Tr&So 

>^?6$tf£100 mass% ©JSM». i^«3te3teM&$£i4B:SfcEE< # 

ggflBfli 1 3 

*&$j2fg£if:*:bfco 
HflfiflU 1 4 
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^±£ff^bfcftMJ£&JSI<£>J¥££ 0.5-25. 5/zm ®^HF*|-£^fb£-tf 



5fe7 



No 






&Wk<D 
(#m) 


co 2 &mm 

(>amol/h) 


1 




50 


0.5 


1 


2 




50 


1 


2.4 


3 




50 


2.5 


4.5 


4 




50 


6.6 


8.4 


5 




50 


19.6 


12 


6 




50 


25.5 


12.5 



^mm^.m(Dm^m.5 juLmu±.^nn%mm^ ^^^mwk^^m-r iz 

te%1fi, m^/^25.5/zmT^-S^©Rl^^^t£t4t-lt^-rs 3 //mtt 

±T*50%W±CD?frl4#s ^«^/bS5 //mJ^±T*{±60%W±©rSttA s ^^>tLS<fc^lc: 

m&&M&>x&<. &^mmmb{m&MftX'%&o nm^fr, 
mnmfcmyt'XS(D?t\sfrmmx%te^mfttex-> mftuytm&&<, otMcomfc 
* > %mwkx te-t-frtemm &w> % n & -=> fe^ffi -e t> > if & k *««tf^ffl * *i 
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m & <d m. m 

1. #©£JS4bi^t)£^£^fc^b^*>fr£&?>s qna3fc©fii»fc:J;oT 

2. &JSfb^#&«An>f>'tts$j> £JS$g#s £JSzk&'fb^:feJ:tf£M&<b 

4. &JHft^©£JS£:LT<Z>$**#N ^b^*>fc:*fLTs 0.1 massft feJ. 
± s 300 mass% WTT5»*x 1 * fcfck 2 fcfB*©»fc*-* >^3fc«J«. 

6. ^Jg#s Tis Si. V. Sn. Sbs Sis Ws Nb N Bis P. M(k pSs Ge. *>f'.r 

s 'J>&< t% 5 K©S&1?x E SRX^^ h;i/t:pr^^NFfc:{±gffi 1.950— 
2.030 CDMfct:-*#ttffl£ft* ttK-^<l««MT-Ctt*Ellt«Jfc««l*tl*^C. 

9. vsn?t<DmMKz&^T ^MMfe®. * km? z mit * > m xmmn ^ t 

s Rim^^^^'J^n^ gffi 1.950-2.030 ©ISfflOg^tr-^^ nT&ft 

10. 77K «fc Qi&WCmfeVtcE SR^^ h;i/£:fc^Ts g lit 1.986-1.994 

11. ^fb^*>#^mft£Mirs#tt£W-r&s 2 S 8£«ktf9 
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14. ^fc^>££T^/£;fc&^©^iS&^ S;:MXn tfc&MOXn (M 

17. »^i4-i6© v^•rn^ffi*cD^*fc: * z atmit*.* , 

18. g|#J@K 2. 8. g^ct^lTCDVvTn^^Wo^"^ 

^it®ctt*bTv^£h£#m*:-r3s ^m^*mmj*o 

19. i^u 2. 8, 9&&m7<D^?nfrizmm<Dmt^#>%k?tMm£ 

20. ^ti^SK 2. 8 S 9:fc<fcm7©V>rftfrfcSBt&©ffift^*>* 
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